Throughout the world, louse infestation of ruminants is an important problem that impairs the growth and performance parameters of beef, dairy and buffalo stocks. Full details of geographical and taxonomical features of blood sucking and biting louse on ruminants are discussed. The objective of the topic is to demonstrate the occurrence, biological, epidemiological and clinical importance of bovine pediculosis. At the same time, presenting factors determining the severity of infestation with blood-sucking and biting lice include the animals' age and sex and also the season. Important determination of the prevalence and rate of louse infestation among ruminants offer a survey of advances in systemic chemotherapeutic control.
Introduction
Infestations of animals with lice are medically called pediculosis. Origin of pediculosis: 1885-1890; < Latin pēdicul(us) louse. Related forms pe·dic·u·lous [puh-dik-yuh-luh s]/pəˈdɪk yə ləs/, adjective 1 
.
Pediculosis in cattle occurs throughout the world, and is more common in cattle than in any other domestic animal [1, 2] .
Lice infecting ruminants are wingless insects and can produce a seasonal chronic dermatitis. The most common sign is pruritus, excoriation and alopecia. The host's rubbing and grooming may not correlate with the extent of infestation. Hairballs can result from overgrooming in cattle. In severe cases, especially in calves, the organisms can lead to anemia, weight loss, and damaged pelts. Pregnant animals may abort. Lice eggs or nits are attached to hairs near the skin. Three nymphal stages, or instars, occur between egg and adult, and the growth cycle takes about 1 month for all species. Lice cannot survive for more than a few days off the host.
Caused by several species (Table 1) , five louse species are known to be able to infect cattle: three species of the genus Haematopinus, along with the species Linognathus vituli and (Figure 1 ) is a typical parasite of the domesticated Asian buffalo, which is known to infest cattle as well [6] as the young animals may be Bovine Science -A Key to Sustainable Developmentinfested with multiple species of lice simultaneously. S. capillatus and H. eurysternus infestations are more often recognized on mature animals, whereas L. vituli is more commonly seen on calves and on dairy stock. Damalinia bovis/Bovicola bovis is the chewing lice of the cattle [7] ( Figures 2 and 3 ).
Solenopotes capillatus. Haematopinus tuberculatus

Life cycle
Lice undergo an incomplete metamorphosis. The life cycle takes about 4 to 5 weeks to complete. Lice lay eggs that hatch after 6-7 days. Each female deposits 20-50 (30-40) eggs (nits) during Lice infestations develop mostly in the colder season and peak in late winter and early spring. Skin temperature has also been correlated with the severity of louse infestation. Lice decline during the hotter season. Stabling the animals during the winter season favors overcrowding, which makes contact transmission easier. The poorer diet during winter weakens the natural defense of cattle against the lice infestations. The denser and more humid hair coat in winter offers an excellent environment for lice development as well.
In spring, food improves quickly when the herds start grazing fresh pastures. The shorter hair and the exposure to the sun reduce skin humidity, and free grazing ends overcrowding in the winter quarters, which also diminishes transmission. As a consequence, lice infestation usually recedes spontaneously during the summer season. However, a few lice usually manage to survive in some animals that will re-infest the whole herd when it comes back to the winter quarters for the next winter [3, 4].
Epidemiology
Lice spend their whole life on the same hosts: transmission from one host to another one is by contact. Transmission from herd to herd is usually through introduction of an infested animal, but flies or fomites may also occasionally transport lice. Up to 1-2% of the cattle in a herd can carry a high load of lice, even in the summer when high temperatures reduce the number of lice. These carrier animals are the source of reinfestation during the fall. Usually, they are a bull or a cow in poor body condition [8] . Winter housing provides the ideal conditions for the transfer of lice between cattle.
Clinical findings
Throughout the world, louse infestation of ruminants is an important problem that impairs the growth and performance parameters among beef, dairy stocks and buffalos. Chewing lice feed on skin and hair debris as well as on skin secretions. The other species have mouthparts adapted for piercing the skin and suck blood.
Louse infestation has been reported to cause blood loss [9] , anemia, anorexia, restlessness, weight reduction of as much as 25-30 kg, diminished milk production and development of stress [6, [10] [11] [12] [13] . The blood-sucking lice mentioned above may also be carriers of different pathogens [14] . Host animals infested with blood-sucking lice tend to keep scratching, licking and biting their skin, thus causing hair loss and skin injuries to themselves. By rubbing their body against different objects, cattle infested with lice may damage fences or trees. Such stress can reduce weight gains and milk production for up to 10% and makes the animals more susceptible for other diseases. Cattle with hair loss may be discounted at the saleyards. Skin that has been irritated by lice has a rough surface with complete loss of hair in some areas, which gives the animals an unthrifty appearance and reduces both the slaughter value and the usability of skin and hide for industrial processing [15] . In the UK, analysis of hides in abattoirs resulted in more than 80% showing some degree of lice damage. In recent years, hide or fleece damage caused by lice has been increasingly recognized as a significant effect of lice infestations. The damage is described as areas of grain loss up to 3 mm diameter that are seen on dyed crust leather [16] .
For all age classes of cattle, stressors such as high stocking density, poor feed quality, gestational status, and underlying health issues are often contributing factors to susceptibility and degree of infestation.
Factors determining the severity of infestation with blood-sucking lice include the animals' age and sex and also the season. Numerous studies have been conducted to investigate correlations between the distribution of lice and the age of host animals within herds. Occurrences of bovine pediculosis do not show seasonal variation in countries with a warm climate. However, in the temperate zone and in colder regions, the most severe infestations occur in late winter and early spring, when the weather is cold and damp and the animals have the thickest coat of hair.
The coat of hair serves as a habitat and shelter for lice, and provides optimum conditions for their propagation. During the year, the highest increase in the louse population occurs when cattle or buffaloes are kept indoors for the winter. In late spring, the number of lice suddenly decreases. It then remains at a low average level during the summer months when the hair coat becomes thinner, which provides a less favorable habitat for lice, because the high temperature of the skin surface and direct exposure to sunlight reduce the intensity of their development [2, 15] . Other authors have also observed seasonal occurrences of pediculosis, reporting that the population of sucking lice starts to grow in late winter, reaches its peak in the spring and its nadir in the summer and autumn months. In India, the highest 'louse index' was found in January and the lowest in June [17] . According to the results obtained by Hussain et al., the louse population reaches its highest level in February, and the environmental conditions continue to be favorable for survival and propagation of lice in March and April [9] .
In a survey conducted in Pakistan [18] , the prevalence of lice was significantly (P < 0.05) higher in cattle than in buffaloes: 144 out of 600 randomly selected cattle (24%) and only 113 out of 600 randomly selected buffaloes (18%), kept under conditions identical to those of the cattle, proved to be infected. The prevalence of louse infestation in cattle has been reported by researchers from different countries [19] [20] [21] have reported varying prevalence rates of louse infestation in cattle in association with differences in the ecological, geographic and weather conditions. Animals kept in closed management systems are not exposed to direct sunlight, which favors the survival of lice. When cattle are kept in open barns, houses with outdoor runs or in free range management system, their skin surface is directly exposed to sunlight and consequently becomes drier, which reduces the survival chances of lice and decreases the intensity of their propagation [10] . A total of 762 water buffaloes were examined. H. tuberculatus was found in the 11.0% (14/127) of the farms and in the 4.5% (34/762) of the animals. The presence of H. tuberculatus should be routinely considered because it is a cause of serious health, production and economic damages in intensive breeding buffaloes [22] . According to our observations, the female host animals and, among them, the cows showed the most severe louse infestation. Larvae of the parasite accounted for only 0.3% and adult lice represented 3.2% of all the developmental stages recovered, while 96.4% of the stages found were louse eggs. The hair samples from the bulls yielded five adult lice and 83 louse eggs, while those from the cows yielded 78 adult lice, eight larvae and 2348 louse eggs. The hair samples from the buffalo heifers yielded 12 adult lice, two larvae and 641 louse eggs, while from those of young males, seven adult lice and 16 louse eggs were recovered [18] . [23] . The lice were identified morphologically and molecularly using 18S rRNA sequencing. Thereafter, they were screened for Bartonella DNA by conventional and real-time PCR assays using four partial genetic loci (gltA, rpoB, ssrA, and internal transcribed spacer [ITS]). A potentially novel Bartonella variant, closely related to other ruminant bartonellae, was identified in 11 of 13 louse pools collected in summer. In the cattle blood, the prevalence of Bartonella infection was 38%, identified as B. bovis and B.
Vector significance
henselae (24 and 12%, respectively). A third genotype, closely related to Bartonella melophagi and Bartonella chomelii (based on the ssrA gene) and to B. bovis (based on the ITS sequence) was identified in a single cow. The relatively high prevalence of these Bartonella species in cattle and the occurrence of phylogenetically diverse Bartonella variants in both cattle and their lice suggest the potential role of this animal system in the generation of Bartonella species diversity. To investigate louse infestation of ruminants and pathogens potentially transmitted by them, anopluran lice (n = 1182) were collected in Hungary and evaluated for the presence of anaplasma, rickettsia and hemotropic mycoplasma DNA in the study of Hornok et al. [24] . On cattle, the following species were found: Linognathus vituli (57%), Haematopinus eurysternus (38%) and Solenopotes capillatus (5%). L. vituli had a lower mean individual count/ host when compared to H. eurysternus. On calves, only L. vituli was observed, with a higher louse burden than on full-grown cattle. H. eurysternus and S. capillatus were more likely to occur simultaneously with another species on the same host, than L. vituli.
Diagnosis and monitoring
Sampling involves carefully inspecting sections of skin on a representative sample of animals in the herd, either 10% or 15 animals in each group: mature cows, heifers, and calves. The best regions to inspect are head, neck, shoulders, back, hips, and tail. If sampling indicates that B. bovis is the dominant species present, assessment of the neck and tailhead alone is sufficient to detect most infestations. If sampling indicates that Haematopinus tuberculatus is the dominant species present in the herds, hair samples were taken only from animals which the hair was covered with louse eggs that were easily visible with the naked eye. These hair samples were consistently collected from a 2 cm 2 area on the side of the middle part of the neck.
Although lice normally do not survive away from the host, it is possible to send live specimens by post if a suitably insulated container is used (warmed to 25°C beforehand if possible) and containing a generous quantity of suitable animal hair. Some biting lice can be maintained for at least 8 weeks and a new generation obtained in vitro if they are kept on filter papers in Petri dishes at 36-37°C. It is essential to maintain the humidity at 68% RH by the use of an appropriate solution of NaOH, sulfuric acid, or concentrated solution of NH 4 NO 3 . For short-term tests, a solution of NaCl may be used, giving approximately 75% RH as a food supply, dried yeasts with powered hair and fresh skin scrapings is supplied; it is important that these should be fresh (no more than 6 days old unless deep frozen) and from the correct host species. This maintenance technique makes it possible to test the insecticide susceptibility of strains from the field [18, [25] [26] [27] ].
Treatment
Classical concentrates for dipping and spraying with traditional contact insecticides (mainly organophosphates, synthetic pyrethroids and amidines) are quite effective lousicides for cattle. However, such insecticides do not kill lice eggs (nits) and their residual effect is usually not long enough to ensure that immature lice are killed when hatching out of the eggs. A variety of compounds effectively control lice in cattle, including synergized pyrethrins, the synthetic pyrethroids cyfluthrin, permethrin, zeta cypermethrin, and cyhalothrin (including gamma-and lambda-cyhalothrin) (beef cattle only). Many pyrethroids are lyophilic, which assists the development of pour-on formulations with good distribution [28] . Natural pyrethrins are quickly degraded, while synthetic pyrethroids such as flumethrin and deltamethrin have greater stability and a relatively long period of action [29] , but they do not affect all developmental stages of the louse life cycle. Organophosphates such as phosmet, chlorpyrifos (beef and nonlactating dairy cattle only), tetrachlorvinphos, coumaphos, and diazinon (beef and nonlactating dairy cattle only) are used against lice. Certain Brahman and Brahman-cross cattle have organophosphate hypersensitivity, which should be considered when selecting a treatment compound. The compounds such as macrocyclic lactones ivermectin, eprinomectin, and doramectin are also used to control lice in cattle. Injectable macrocyclic lactones will also control biting lice, since they reach the parasites through the blood stream of the host. But control of chewing lice is usually incomplete
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. Pour-on formulations are effective against biting and bloodsucking lice, whereas injectable formulations are primarily effective against bloodsucking lice.
Multiple pour-on formulations of 5% permethrin/5% piperonyl butoxide, 5% diflubenzuron/5% permethrin, and gamma cyhalothrin are labeled for season-long control (~3-4 mo) of lice on beef and dairy cattle. Although both amitraz and spinosad are effective against lice, the last cattle products containing amitraz were removed from the USA market in 2014. Spinosad formulations for use on cattle were officially discontinued in the USA in 2010. In 2016, Bayer Animal Health introduces Clean-Up TM II Pour-On Insecticide with an insect growth regulator (IGR) pour-on for topical application to control lice on dairy and beef cattle and calves.
The compound chosen must be appropriate for the animal's age, reproductive status, and production system. The treatment of meat and dairy animals must be restricted to uses specified on the product label, and all label precautions should be carefully observed. Appropriate meat and milk withdrawal times must be observed. In most countries, regulatory agencies specify tissue residue limits of insecticides and carefully regulate insecticide use on livestock. All regulations are subject to change, and pertinent current local laws and requirements should be determined before treatment [5, 27] .
Research on the use of entomopathogenic fungi (Metarhizium anisopliae) for the biological control of lice has shown promising results.
By the Parasitipedia.net for the time being, there are vaccines that will protect cattle by making them immune to lice. There are repellents natural or synthetic that will keep lice away from cattle. And there are traps for catching cattle lice. Insecticides must be used properly to achieve satisfactory control of lice. Many louse-control products require two treatments, 10 to 14 days apart. The second treatment is essential to kill newly hatched lice that were present as eggs at the time of the first treatment and were therefore not killed. Failure to make the second treatment in a timely manner will create problems requiring many more subsequent treatments [3].
Conclusions
Many factors can cause susceptibility for louse infestation (stress, pregnancy, lactation), which is important to produce optimal husbandry conditions as well as optimal animal feeding. Feeding cattle a high energy diet and maintaining uncrowded conditions will reduce the chances of a louse infestation. When the infested animals became asymptomatic, on the hidden surface of the body (anal or pubic region, ridges), the louse can survive. The introducing of new animals in the herd realize necessary only after investigation of these on louse infestation and use of acaricide. Secondary bacterial and viral infections may also occur, resulting in a different (e.g., mange like) lesion. The regular disinfection of infested herds and all articles that infested animals may have come in contact with are essential too, for preventing further lice infestations. Specific lice control products can be more effective than integrated pest management principles, which indicate that it is preferable to use a narrow spectrum or specific product for each pest.
